(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
9 October 2003 (09.10.2003) 




PCT 



i mil UDini d mm urn on i d m mu uni diu uiii oni no uiiiq iiii dii dii 

(10) International Publication Number 

WO 03/082639 Al 



(51) International Patent Classification 7 : B60R 21/34 

(21) International Application Number: PCT/SE03/0O44 1 

(22) International Filing Date: 17 March 2003 (17.03.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

0207480.5 28 March 2002 (28.03 .2002) GB 

0230341.0 31 December 2002 (31.12.2002) GB 

(71) Applicant (for all designated States except US): AUTO- 
LIV DEVELOPMENT AB [SE/SE]; S-447 83 Vargaida 
(SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): MATHEVON, Vin- 
cent [FR/SEj; Almedalsgrand 6, S-591 95 Motala (SE). 

(74) Agent: MEULLER, Erik; Autoliv Development AB, 
S-447 83 Vaigaixla (SE). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT. LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZW 

(84) Designated States (regional): AR1PO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: AN IMPACT DETECTOR SYSTEM 



ON 
00 

o 

f*5 




(57) Abstract: An impact detector for detecting and evaluating an impact and generating an output signal to deploy a pedestrian 
protection system (11 9) on a motor vehicle includes a sensor arrangement (101) to be mounted at the front of the vehicle to detect 
an impact. An eveluator (108) is provided to evaluate the output of the sensor and to generate an output signal when a predetrmined 
threshold is exceeded, so that the pedestrian protection system (119) is not actuated by an impact with a very light object. Addition- 
ally a chassis-mounted accelerometer (1 15) is provided to provide a signal indicative of the total deceleration applied to the vehicle. 
An inhibitor (109) is provided to inhibit generation of the signal that actuates the pedestrian protection system (119) if the output 
signal from the accelerometer (115) exceeds a predetermined threshold. 
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"AN IMPACT DETECTOR SYSTEM" 



10 THE PRESENT INVENTION relates to an impact detector system and more 
particularly relates to an impact detector system to be mounted on a motor 
vehicle to detect a particular kind of impact, such as, for example, an impact 
with a pedestrian. 

1 5 It has been proposed to provide motor vehicles, such as motor cars, with 

safety devices intended to provide a degree of protection to a pedestrian that 
may be struck by the vehicle. One form of such a safety device includes an 
inflatable element having portions which extend up the "A"-Posts of the 
vehicle, to prevent the head of the pedestrian from being injured due to an 

20 impact with an "A"-Post of the vehicle. Another form of such a safety device 
lifts the rear part of the hood or bonnet of the vehicle, to distance the main 
region of the hood or bonnet from the underlying engine, thus enabling the 
hood or bonnet to deform if struck by the head of a pedestrian, consequently 
decreasing the risk of injury. 



Prior proposed impact detectors have used different kinds of sensors in 
the bumper of a motor vehicle, such as accelerometers, deformation sensors and 
force sensors. An output signal to activate a safety device to protect a 
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pedestrian is generated if signals from the sensors are above or below 
predetermined threshold values. 

In order to be able to discriminate an impact with a pedestrian from an 
5 impact with a lighter object, such as a bird, the sensor should ideally provide 
the output signal, in an accident situation in which an object is being struck, 
only in dependence upon a characteristic of the object being struck, such as the 
mass of that object, together possibly with other known and measurable 
parameters, such as the speed of the vehicle. 

10 

It is, of course, to be understood that it is often very inappropriate for a 
pedestrian protection device to be actuated in a severe accident, such as a 
collision with another vehicle. A pedestrian protection device may well 
obscure the view of the driver of the vehicle. If the pedestrian protection 
1 5 device is a device which raises the rear edge of the hood or bonnet, the rear part 
of the hood or bonnet may be driven through the windscreen or wind-shield, 
during the frontal collision, with the rear part of the hood or bonnet engaging 
with the driver and/or front seat passenger of the vehicle, causing undesirable 
injuries. 

20 

The present invention seeks to provide an improved impact detector 
system. 

According to this invention there is provided an impact detector system 
25 for detecting an impact and generating an output signal to activate a pedestrian 
protection device on a motor vehicle, the system comprising at least one sensor 
to be mounted at the front of a vehicle to detect an impact, and an evaluator to 
evaluate the output of the sensor and to generate an output signal when a 
pedestrian detection criterion is fulfilled, the system incorporating an 
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accelerometer to provide a signal indicative of the total deceleration applied to 
the vehicle, the system incoiporating an inhibitor to inhibit generation of the 
output signal if the signal from the accelerometer fulfills an inhibiting criterion. 

5 Preferably, said accelerometer to provide a signal indicative of the total 

• deceleration is located at a substantially central location on the vehicle. 

Conveniently, the inhibiting criterion is fulfilled when a sliding-window 
mean value of the signal provided by the accelerometer exceeds a 
1 0 predetermined value. 

Alternatively, said inhibiting criterion is fulfilled when the integrated 
value of the. signal provided by the accelerometer exceeds a predetermined 
value, 

15 

Conveniently the sensor is configured to sense a variable that is 
dependent upon the nature of an impact, the sensor being mounted on or within 
an element adapted to be mounted on the front of a motor vehicle, the element 
having a deformable part with a predetermined stiflhess, positioned to be 

20 deformed during an impact, the stiffness varying in accordance with at least one 
parameter, the detector incoiporating an arrangement to measure the said at 
least one parameter, the said evaluator being configured to evaluate the output 
of the sensor in combination with a degree of stiffness corresponding to said at 
least one parameter as measured, and to generate said output signal when a 

25 predetermined threshold is exceeded. 

Preferably the sensor is a force sensor. 
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Advantageously the sensor comprises at least one accelerometer 
mounted to the element, the element being provided with yieldable supports by 
means of which the element may be mounted on the front of a motor vehicle. 

Preferably the sensor comprises two said accelerometers, and wherein 
the element is provided with two said yieldable supports, each accelerometer 
being provided located on or in a responsive yieldable support. 

Conveniently the sensor comprises an elongate sensor mounted within 
the element, the sensor being located to have a force applied thereto when the 
deformable part of the element is deformed. 

In one embodiment the sensor is a piezo-electric cable. 

Conveniently there are a plurality of piezo-electric cables. 

Conveniently piezo-electric cables partially overlap each other. 

In another embodiment the sensor is at least one pressure tube. 

Conveniently wherein there are a plurality of pressure tubes. 

Advantageously wherein the pressure tubes partially overlap each other. 

Conveniently each pressure tube is of non-uniform cross-section, having 
part of the cross-section of substantial vertical extent and part of the cross- 
section of lesser vertical extent. 
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Preferably wherein each pressure tube is provided with a vent hole. 

Conveniently the deformable part of the element is formed of a 
deformable foam material. 

5 

Preferably the element incorporates a substantially rigid beam, the foam 
being mounted to the beam. 

Advantageously the element is provided with at least one contact sensor, 
10 the detector including a logic arrangement so that said output signal is 
generated only when an output is provided by the evaluator and an output is 
provided by the said contact sensor. 

Conveniently said at least one parameter comprises the thickness of the 
15 deformable part of the element, the deformable part of the element being of 
non-uniform thickness. 

Preferably the arrangement to measure said at least one parameter 
comprises an arrangement to measure the point of impact and to determine the 
20 thickness of the said element in accordance with the point of impact 

Conveniently the means to measure the position of impact comprise an 
arrangement to compare the accelerations imparted to the two accelerometers, 
and to perform an algorithm. 

25 

Alternatively an analyser is provided to analyse signals from different 
piezo-electric cables to determine which cable or combination of cables is 
providing the signal, to determine the point of impact. 
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Alternatively an analyser is provided to analyse signals from different 
pressure tubes to determine which pressure tube or combination of pressure 
tubes is providing the signal, to determine the point of impact. 

Preferably said at least one parameter includes temperature and wherein 
at least one temperature sensor is provided to sense temperature. 

Conveniently wherein a plurality of temperature sensors are provided. 

Advantageously the identity of the temperature sensor or temperature 
sensors providing an output signal used by the evaluator is determined by the 
means that determine the point of impact 

Advantageously the evaluator is configured additionally to evaluate a 
signal indicative of vehicle speed before the impact, the evaluator being 
configured to generate said output only when the vehicle speed is in excess of a 
first relatively low threshold and below a second relatively high threshold. 

Conveniently the first threshold is 20 km per hour and the second 
threshold is 60 km per hour. 

In order that the invention may be more readily understood, and so that 
further features thereof may be appreciated, the invention will now be described 
by way of example with reference to the accompanying drawings in which: 

FIGURE 1 is a diagrammatic view of a vehicle bumper provided with 
sensors in the form of accelerometers, 
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FIGURE 2 is a view of a vehicle bumper provided with a force sensor 
extending along the whole width of the bumper, 

5 FIGURE 3 is a graphical figure provided for purposes of explanation, 

FIGURE 4 is a further graphical figure provided for purposes of 
explanation, 

10 FIGURE 5 is yet another graphical figure provided for purposes of 

explanation, 

FIGURE 6 is a horizontal sectional view of a bumper incorporating two 
pressure tubes, 

15 

FIGURE 7 is a sectional view taken on the line VII-VII of Figure 6, 

FIGURE 8 is a further diagrammatic view of a vehicle bumper, and 

20 FIGURE 9 is a diagrammatic view of a vehicle bumper incorporated 

within a block diagram. 

The stiffness of a member such as a vehicle bumper k defined as 

k = F/s 

25 where F is the force applied to a particular point or region of the bumper during 
an impact situation, and s is the actual displacement of the impact point or 
region. In a situation where there is an impact with an object having a mass m, 
with the speed of the vehicle on which the bumper is mounted immediately 
before the impact being v then, assuming that k is a constant, 



WO 03/082639 , Pa g e 9 of 36 



WO 03/082639 PCT/SE03/0044 1 



If the deformation is not elastic (which might be considered to be normal 
5 in the case of a vehicle accident), then this equation is valid for a period of time 
t where 

7i frn 



10 Subsequently s = s max — v . 



If an accelerometer is used, the expression for acceleration is the second 
derivative of s: 

«-v. ^ 

15 



The force F=Ls and thus 

F(t) = v. 4k^i . sin{ ^ .r ) for 



n m , 
20 fSyV* 



thereafter^; = 0. 



25 



The mathematical analysis set out above only refers to the actual point of 
impact. If a sensor is provided which is located behind the point of impact, the 
signal is reduced with a factor equal to the quotient between the total stiffness 
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and the stiffness behind the sensor, that is to say between the sensor and the 
chassis of a vehicle on which the member is mounted. To gain a high signal the 
stiffness in front of the sensor should be high and the stiffness behind the 
sensor should be low. However, to minimise the risk of injuring a pedestrian, 
5 the stiffness in front should be low. A good compromise can be achieved if the 
stiffness behind the sensor is less than Vio of the total stiffness of the vehicle 
bumper. 

Consequently it is to be understood that in the situation considered 
10 above, if the vehicle speed v immediately before the impact is known, and if the 
stiffness k for the vehicle bumper in the region where the impact occurs is 
known, it is possible to calculate the mass of the object with which the 
impact is occurring. 

1 5 Of course, once the mass m of the object has been determined, that value 

can be used in an algorithm to determine whether or not the control signal for a 
safety device to protect a pedestrian should, or should not, be generated. The 
algorithm may, of course, rely on other parameters, such as the absolute vehicle 
speed, bearing in mind that a safety device to provide protection for a 

20 pedestrian may be considered to be effective only if the speed of impact with 
the pedestrian is greater than 20 km per hour, and less than 60 km per hour. At 
vehicle speeds less than 20 km per hour, or greater than 60 km per hour, most 
present-day safety devices intended to provide protection for pedestrians are 
thought to have no tangible beneficial effect. 

25 

Referring initially to Figure 1 of the accompanying drawings, a bumper 
(or fender)assembly 1 is mounted to the front part of a motor vehicle 2, such as 
a motor car, by two yieldable supports 3, 4 which are each located adjacent a 
respective end of the bumper. Each support 3, 4 may be in the form of a 
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generally tubular housing formed of material having a thickness such that the 
housing will collapse or yield during a typical impact situation involving a 
pedestrian. Each support may thus be considered to be a "crash box". 

5 Mounted on the rear part of the bumper 1 are two accelerometers 5, 6. 

The accelerometer 5 is mounted within the "crash box" 3 and the 
accelerometer 6 is mounted within the "crash box" 4, so that the respective 
crash boxes can provide a degree of protection for the accelerometers. 
However, the accelerometers may be positioned on the crash boxes or anywhere 

10 adjacent the crash boxes, possibly within part of the bumper assembly itself. In 
the described embodiment each accelerometer is mounted to the rear face of a 
relatively stiff beam 7 which forms part of the bumper 1. The front face of the 
beam 7 is provided with a yieldable covering 8 constituted, in the illustrated 
arrangement, by a "foam" block which is secured to the front face of the beam 

15 7. The foam is a yieldable foam, the foam being of a uniform construction and 
thus having a known degree of "stiffness". 

The foam does not have a uniform thickness, however, and thus the 
absolute stiffness of the foam at any particular point is dependent upon the 
20 thickness of the foam at that particular point. 

The stiffness of the foam at any particular position or point could be 
calculated from design data, and the calculated stiffness could be stored in a 
memory in the form of a "look-up table". Thus, as will become clear from the 
25 following description, it would be possible to calculate the position of the point 
of impact and then to determine the relevant stiffness, from the "look-up" table 
for that position. 



WO 03/082639 



PCT/SE03/00441 



11 

Should an impact with a pedestrian occur, such that a force, as indicated 
by the arrow F is applied to a specific point, such as point 9 on the bumper, 
then if the distance between the two accelerometers is l 0 and the distance 
between the point of impact 9 and the first accelerometer 5 is l A% it will be found 
that the accelerometer 5 will provide an output signal a A and the second 
accelerometer 6 will provide an output signal a By the output signal being 
representative of a force F A applied to the first accelerometer 5, and a force F B 
applied to the second accelerometer 6 where F = F A + F B . It is possible to 
determine the precise location of the point 9 relative to the accelerometers 5 
and 6 because 

I a * a A + a B 

Having determined the precise position 9 at which the impact occurred, by 
analysing the output signals a A and a B from the accelerometers 5 and 6, it is 
possible to determine the stiffoess of the foam 8 at that position, using stored 
data about the bumper, and consequently, relying on the mathematical analysis 
set out above, it is possible to determine the mass of the impacting object Thus 
the algorithm used relies on the stiffoess k of the foam, and on the stiffiiess of 
the "crash boxes" 3, 4. Thus the stiffiiess of elements in front of and behind the 
sensors are utilised. 

Figure 2 illustrates a bumper 11 mounted to the front of the vehicle 12 
by means of yieldable supports, or "crash boxes" 13, 14 of the type described 
above, located adjacent the opposed ends of the bumper 11. The bumper 
includes a substantially rigid beam 15 which extends between the supports 13 
and 14, and, mounted to the front of the beam, is a foam element 16. Between 
the foam element and the beam is a sensor element 17, the sensor element either 
being in the form of a pressure tube or being in the form of a piezo-cable. The 
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sensor is responsive to the total force applied to the bumper, regardless of the 
precise point at which the force is applied. 

A pressure tube is a tube having yieldable walls and containing a gas or 
5 liquid. The gas or liquid is in communication with a pressure sensor. If a force 
is applied to the tube, deforming the tube, the pressure of the gas or liquid rises, 
and this rise in pressure is sensed by the pressure sensor. 

A piezo-cable is an elongate cable having an elongate piezo-electric 
10 material between two elongate electrodes. A piezo-electric material is a 
material which, when compressed, generates an electric potential across 
opposed faces thereof. Thus the cable is such that if a force is applied to the 
cable, a potential is created, and that potential may be sensed. The piezo- 
electric material utilises a dielectric material with good piezo-electric 
15 properties. 

In some forms of piezo-cable, the piezo electric material is divided up 
into a plurality of small segments, there being individual electrodes associated 
with each segment, such that an output generated by the piezo-cable 

20 automatically indicates the precise point at which a force is applied to the cable. 
Thus such a cable may immediately identify a point of impact. Where, 
however, a pressure tube is used, the pressure tube could be divided into 
separate segments, which might overlap, or, alternatively a separate position 
sensor could be utilised to determine the position of the impact since, in the 

25 illustrated embodiment, the foam 16 is not of uniform thickness, and thus does 
not have a uniform overall stiffness characteristic and, as in the previously 
described embodiment, it will be appropriate to determine the position of 
impact so that the relevant stiffness may be determined for the point of impact 
from the stored information relating to the bumper. 
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If the effective stiffness k/ at a substantially central point of the bumper 
of Figure 2 (where the foam is quite thick) is considered, the effective stiffness 
kj relies on the stiffness of the foam kjf at the relevant substantially central 
point and also the stiffness k ]b of the beam 15 at the relevant substantially 
central point, and may be expressed as: 



Because the beam is "softer" at a position between the supports 13, 14, 
k] b9 the effective stiffness of the beam at a point between the supports is less 
than k2b the effective stiffness of the beam adjacent one of the supports 13. 
Also it is to be noted that kj/is much less than k 2 j> a point adjacent a support 13, 
because the foam is "softer" where it is thicker. 

Turning now to Figure 3, various plots of detected force as compared 
with time are shown for different combinations of m, k and v. 

As has been mentioned above, for designs and materials which have a 
constant stiffiiess (k = F/s): 



The first line plotted in Figure 3, namely line 21, shows a typical force against 
time line for an impact with an object having a mass m/ with a vehicle velocity 
of V/, the central part of the beam of Figure 2, where the effective stiffness is k h 
The line rises gradually towards a maximum and then drops suddenly at the end 



kj = k Jf +k ]b 




for 
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of the impact situation. Line 22 illustrates a similar situation to that of line 21, 
but the velocity v 2 has been increased. It can be seen that the line has a steeper 
initial path, rising to a greater maximum force, but terminates at substantially 
the same instant as line 21. 

5 

Line 23 illustrates the force experienced at the vehicle speed v/ for an 
impact with an object having a mass m l9 in a region of effective stiffness k 2 as 
shown in Figure 2, adjacent a support 13 for the bumper 11. Again the overall 
shape of the line is similar to that described above, with the line rising towards 
10 a maximum force and then terminating abruptly. However, the maximum force 
is less than that for lines 21 or 22, but the time at which the force drops is later, 
as compared with the commencement of the force. 

Finally, line 24 illustrates the force experienced during an impact at a 
15 vehicle speed V; with an object having a mass m 2 where m 2 is greater than m ]9 
again at a region where an effective stiffiiess k 2 IS experienced. The line 24 
rises gradually to a maximum and then terminates abruptly. The maximum, 
however, is greater than the maximum seen in line 23, and the termination of 
the force occurs at a later instant than it does in line 23. 

20 

Turning now to Figure 4, it is possible to use a set of criteria for 
generation of the control signal for the safety device which include the mass of 
the struck object and the speed of the vehicle. 

25 Figure 4 is a graphical figure indicating a plot between applied force and 

absolute vehicle speed. As mentioned above, it may be appropriate to select a 
predetermined range of vehicle speeds so that the control signal is only 
generated if the vehicle speed, before the impact, is within the selected range. 
In Figure 4 the range of 20 km to 60 km per hour has been selected, but this is 
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an arbitrary selection. If an impact is detected while the vehicle is travelling 
within the speed range the control signal should only be generated if the force F 
exceeds a threshold. 

5 Fj ^ v. ^k.m x 

where m ; is the lower limit of the mass of the leg of a pedestrian. 

Consequently, it is possible to draw a line having a slope — — = Jk.m } 
10 and such a line has been plotted on the graph as line 30. Thus, if the mass of an 
object struck during any particular impact is such that a force is generated 
which is found in the area of 31 located above the line 30, then the output 
signal should be generated. 

15 If a foam, or equivalent material is used, at least a part of the path from 

the position of the point of impact to the chassis of the vehicle will have a 
stiffness k which will be dependent on temperature as normally foam gets 
softer, with a lower k value at the temperature rises. 

20 For many materials or designs the stiffness k is not independent of s,a or 

F. The stiffness k could also be dependent on v. 

If, for example F =f/(k,v,m) where k=f 2 (F t v, T), then F could be written 
as a new function of f 3 . 

25 

F =f3(T t v,m) where f 3 is independent of F. For the sake of simplicity it 
is assumed that for this analysis k is independent of the position of impact. 
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Figure 5 shows different plots of F(t) for foam used in bumpers for 
different T and thus different k but with the same values for v and m. 

The first line 40 appearing in Figure 5 illustrates the effect with a 
5 relatively low temperature Tl and thus with a relatively high stiffness k h The 
total time taken for completion of the illustrated cycle is relatively short. For a 
higher temperature T2 and thus a lower foam stiffness k 2 > as shown at line 41, 
the total time taken is much longer but the maximum force is lower than for the 
line 40. The integral of the line 40 (i.e. the area under the curve) is the same as 
10 that for the line 41. 

Referring now to Figures 6 and 7 of the accompanying drawings, a 
further bumper 51 is illustrated secured to the chassis 52 of a motor vehicle by 
means of two yieldable supports which may be in the form of crash boxes 53, 

15 54. The bumper is provided with a relatively stiff rear beam 55, carrying, on its 
front face, a foam element 56. The foam element 56 of the illustrated 
embodiment has formed within it a channel constituting two adjacent pressure 
tubes 57, 58. The pressure tubes are identical and thus only the pressure tube 
58 will be described. The pressure tube 58 comprises an elongate tube, there 

20 being a pressure sensor 59 within the tube providing an output on an output 
lead 60 to a processor 61. Each tube may be a channel formed in the foam 
material. The walls of the channel may be sealed and such sealing will be 
necessary if the foam is an open cell foam. The tube is provided with a vent 
hole 61 to atmosphere so that the tube normally contains air at atmospheric 

25 pressure. As can be seen most clearly from Figure 7, the interior of the tube 
does not have a uniform cross-section, but instead has a "trapezoidal" cross- 
section, the cross-section having a substantial dimension towards the very front 
of the bumper, and having a reducing section towards the rear of the bumper. 
The reason for this is that if such a tube is compressed, the change in volume, in 
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the part of the tube which has the greater "height", is large relative to the total 
volume of the chamber. 

It is preferred to use two or more individual tubes, rather than one single 
tube, because the effective reduction of volume, as compared with the total 
volume, is much greater for a smaller tube extending across only part of the 
length of the bumper, than for a longer tube extending across the whole length 
of the bumper in any specific impact situation. If a plurality of tubes are used 
by "overlapping" the tubes, it may be possible to determine the point of impact 
by determining which tubes have been subjected to an increase in pressure, thus 
enabling the effect of the thickness of the foam at the point of impact to be 
taken into account. A similar effect may be achieved by "overlapping" a 
plurality of piezo-cables of the type discussed above. 

It is thought that in preferred embodiments of the present invention, it 
will be beneficial to have an independent "arming" arrangement which must be 
actuated before the control signal to deploy the safety device can be generated. 
Such an arrangement will minimise the risk of the control signal being 
generated in an inappropriate situation due, for example, to a single spurious 
electric signal. 

Figure 8 illustrates a bumper 71 mounted to the chassis 72 of the motor 
vehicle by yieldable supports 73, 74 which may be in the form of "crash boxes" 
positioned adjacent the ends of the bumper 71. The bumper 71 incorporates a 
beam 75. On the front of the beam 75 is a body 76 formed of a yieldable foam. 
Incorporated within the foam body is a force sensor 77 in the form of one or 
more pressure tubes, or in the form of one or more piezo-cables. The sensor 77 
provides an output signal shown schematically as the output 78. 
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In front of the sensor 77 is a totally separate and independent contact 
sensor 79, The contact sensor 79 may simply comprise two electrically 
conductive foils which initially are spaced a very short distance apart within the 
5 foam. Should any force be applied to the foam 76, the foils will be brought into 
electrical contact, thus effectively "shorting out", electric leads 80, 81 which 
are connected to the two foils. Other forms of contact sensor may be utilised, 
and it will be understood that before the control signal may be generated, firstly 
the contact sensor 79 must sense contact and, secondly in the manner described 
10 above, it must be determined that the mass of the object with which an impact 
is occurring meets the appropriate criteria. The contact sensor may include 
overlapping contact sensor elements to assist in the determining the position of 
the point of impact, as will be described more fully below. 

15 Reference has been made to relying on the effective stiffness of the 

material forming a bumper, and the stiffness of the mounts which mount the 
bumper in position, in calculations to determine the mass of an object striking 
the bumper. The stiffness of the material forming the bumper may be 
dependent upon temperature. Thus, in the bumper shown in Figure 8, a 

20 temperature sensor 82 is incorporated within the foam body providing an 
output 83, and the output 83 may be fed to the processor so that in performing 
any calculations which relate to the stiffness of the foam body, appropriate 
adjustments may be made in accordance with the actual temperature. However, 
in an embodiment which incorporates a piezo-cable, as described above, the 

25 capacitance between the electrodes of the cable , which varies as a function of 
temperature, may be measured and analysed to provide a signal representative 
of temperature. 
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Figure 9 illustrates a complete operative system forming a preferred 
embodiment of the invention. 

Figure 9 shows a bumper 100 which may be mounted on a motor vehicle 
5 in the manner discussed above, using two supports in the form of "crash boxes" 
adjacent the ends of the bumper. The bumper 100 incorporates a relatively 
rigid beam 101, to the front face of which is mounted a foam body 102. A 
force sensor 103 is provided between the foam body 102 and the beam 101, 
which may be in the form of a plurality of pressure tubes, or a piezo-cable. In 
10 the embodiment of Figure 9, three elongate contact sensors 104, 105, 106 are 
provided, which are overlapping. The contact sensors 104, 105, 106 are within 
the foam body 102, being positioned in front of the force sensor 103. The rear- 
most contact sensors 104, 106 are spaced-apart, and the forward contact sensor 
105 overlaps substantially half of each of the contact sensors 104, 106, and also 
15 extends across the space between the contact sensors 104 and 106. This 
relatively simple arrangement enables five discrete contact zones to be 
identified, using only three sensors. 

As can be seen, if an impact occurs to the very left of the bumper as 
20 shown in Figure 9, it is only the contact sensor 104 that will sense contact. If 
the impact occurs slightly to the right, where the sensor 104 overlaps the sensor 
105, both sensors will detect an impact. If the impact occurs even further to the 
right, only the middle sensor 105 will detect the impact, unless the impact 
occurs at a point where the sensor 105 overlaps the sensor 106, in which case 
25 both the sensors will sense the impact. Finally, should the impact occur at the 
very right-hand side of the bumper, only the sensor 106 will detect the impact. 
The sensors 104, 105, 106 are all connected to an evaluation unit 107 which 
determines which sensor or which combination of sensors have sensed contact, 
and provides an appropriate output signal indicative of the point where the 
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impact has occurred to a processor 108 which carries out a pedestrian impact 
algorithm. The processor 108 is configured to determine, from a "look up 
table" stored in a memory the effective stiffiiess of the foam in the relevant 
zone. If any one of the contact sensors senses a contact, then an arming signal 
5 is provided to a logic component in the form of an inhibitable "AND gate" 109, 
which also receives an input from the processor 108. 

In the embodiment illustrated a plurality of temperature sensors 110, 111 
and 1 12 are provided within the bumper. The temperature sensors sense the 

10 temperature in different regions of the foam body 102. The output signal from 
the evaluation unit 107 is passed to a temperature selection unit 113 which 
receives signals from the three temperature sensors 110, 111 and 112. 
Depending upon the determination as to the point of impact from the evaluation 
unit 107, the temperature of an appropriate temperature sensor, or of a 

15 combination of temperature sensors, is passed, by the temperature selection 
unit 1 13 to the processor 108 carrying out the pedestrian impact algorithm. The 
actual temperature may be used to adjust the selected value of stiffness 
appropriately. 

20 The processor 108 also receives an input indicating the speed of the 

vehicle immediately preceding the impact from the vehicle speedometer 
unit 114. 

In the embodiment as shown in Figure 9, a further accelerometer 1 15 is 
25 provided which is mounted on the main chassis of the vehicle, preferably at a 
central location. The accelerometer 115 is therefore responsive to the total 
acceleration of the vehicle, and, as will become clearer, this accelerometer is 
utilised to determine if the vehicle has been involved in an impact with a very 
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heavy object, such as another vehicle, in which case it would be inappropriate 
to deploy the safety device intended to provide protection for a pedestrian. 

The output of the accelerometer 1 15 is integrated at an integrator 116, to 
provide a signal representative of the total velocity change of the vehicle during 
a predetermined period of time. 



The output of the integrator is fed to a discriminator 117. The 
discriminator is intended to determine whether the change in velocity is such 
that an impact has occurred with an object which is much heavier than a 
pedestrian. Should the discriminator 117 determine that the change in velocity 
exceeds a predetermined threshold, which may indicate that an impact has 
occurred with an object heavier than a pedestrian, then a signal is generated on 
lead 1 1 8 which inhibits the AND-gate 109, thus preventing the control signal 
on the output of the AND-gate from being generated. 

Instead of calculating the total velocity change a low pass filter could be 
applied to the acceleration signal, or a "sliding window" mean value may be 
calculated, this being the mean value, at any instant, over a preceding 
predetermined period of time. 



The output of the AND-gate 109 is provided to the safety device in the 
form of a pedestrian protection system 119. 
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It is, therefore, to be appreciated that in the event of an impact which 
causes a force to be applied to part of the bumper 100, initially the force is 
detected by one or more of the contact detectors 104, 105, 106, which will 
5 enable the evaluation unit 107 to determine which area of the bumper has been 
struck and pass that information to the processor 108, and also to provide an 
arming signal to the AND-gate 109. Also, the evaluation unit 107 will be able 
to pass an appropriate signal to the temperature selection unit 1 13 to enable an 
appropriate temperature signal to be passed to the processor 108. 

10 

The force of the impact will be measured by the force sensor 103 and the 
appropriate force will be passed to the processor 108. The processor 108 also 
receives the instantaneous vehicle speed from the speedometer unit 1 14. Using 
the techniques described above, the processor unit 108 will be able to determine 

15 the mass of the object which has been impacted. Thus the processor 108 acts as 
an evaluator, to evaluate the output of the sensor, in combination with the 
determined stiffness of the foam at the point of impact, to calculate the mass of 
the object involved in the impact. If the mass is above a predetermined 
threshold, an output signal will be passed to the AND-gate 109. Unless the 

20 AND-gate 109 is inhibited by a signal on the line 118, which will only be 
present if the accelerometer 115, the integrator 116 and the discriminator 117 
have determined that an impact has occurred with a very heavy object, such as 
another vehicle, then the control signal will pass from the AND-gate 109 to the 
safety arrangement intended to provide protection for a pedestrian will be 

25 activated. 

From the forgoing it will be clear that a sensor, such as an accelerometer 
or force sensor mounted at the front of a vehicle could be used for. 
discriminating both lighter objects and heavier objects, but is more suitable for 
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discriminating lighter objects as the sensor might be damaged by an impact 
with a heavy or very rigid object. It is to be understood that a pedestrian 
protection device of the type in which the hood or bonnet is lifted, should not 
be activated in a severe crash as, in such a severe crash situation the hood might 
5 penetrate the windscreen. Thus it is desirable for a detector which is an 
embodiment of the invention to provide the output signal when an impact is 
sensed, but only if the impact is with an object which has a mass above a 
predetermined threshold and only if the impact is not part of a severe crash 
situation. 

10 

Thus the preferred arrangement in accordance with the invention will 
generate a control signal when appropriate conditions exist unless the output 
signal from the chassis-mounted accelerometer 115 is such that an indication is 
given that the vehicle has been subjected to a severe crash or accident situation. 

15 

In the present Specification "comprises" means "includes or consists of 
and "comprising" means "including or consisting of \ 



20 
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CLAIMS: 

5 

1. An impact detector system for detecting an impact and generating an 
output signal to activate a pedestrian protection device on. a motor vehicle, the 
system comprising at least one sensor to be mounted at the front of a vehicle to 

10 detect an impact, and an cvaluator to evaluate the output of the sensor and to 
generate an output signal when pedestrian detection criterion is fulfilled, the 
system incorporating an accelerometer to provide a signal indicative of the total 
deceleration applied to the vehicle, the system incorporating an inhibitor to 
inhibit generation of the output signal if the signal from the accelerometer 

1 5 fulfills an inhibiting criterion. 

2. An impact sensor according to Claim 1, wherein said accelerometer to 
provide a signal indicative of the total deceleration is located at a substantially 
central location on the vehicle* 

20 

3. An impact sensor according to Claim 1 or Claim 2, wherein the 
inhibiting criterion is fulfilled when a sliding-window mean value of the signal 
provided by the accelerometer exceeds a predetermined value. 

25 4. An input sensor according to Claim 1 or Claim 2, wherein said inhibiting 
criterion is fulfilled when the integrated value of the signal provided by the 
accelerometer exceeds a predetermined value. 
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5. A system according to any preceding Claim 1, wherein the sensor is 
configured to sense a variable that is dependent upon the nature of an impact, 
the sensor being mounted on or within an element adapted to be mounted on the 
front of a motor vehicle, the element having a deformable part with a 

5 predetermined stiffness, positioned to be deformed during an impact, the 
stiffness varying in accordance with at least one parameter, the detector 
incorporating an arrangement to measure the said at least one parameter, the 
said evaluator being configured to evaluate the output of the sensor in 
combination with a degree of stiffness corresponding to said at least one 
10 parameter as measured, and to generate said output signal when a 
predetermined threshold is exceeded. 

6. A system according to Claim 5, wherein the sensor is a force sensor. 

15 7. A system according to Claim 6, wherein the sensor comprises at least 
one accelerometer mounted to the element, the element being provided with 
yieldable supports by means of which the element may be mounted on the front 
of a motor vehicle. 

20 8. A system according to Claim 7, wherein the sensor comprises two said 
accelerometers, and wherein the element is provided with two said yieldable 
supports, each accelerometer being provided located on or in a responsive 
yieldable support. 

25 9. A system according to Claim 8, wherein the sensor comprises an 
elongate sensor mounted within the element, the sensor being located to have a 
force applied thereto when the deformable part of the element is deformed. 
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10. A system according to Claim 9, wherein the sensor is a piezo-electric 
cable. 

11. A system according to Claim 10, wherein there are a plurality of piezo- 
5 electric cables. 

12. A system according to Claim 11, wherein piezo-electric cables partially 
overlap each other. 

10 13. A system according to Claim 9, wherein the sensor is at least one 
pressure tube. 

14. A system according to Claim 13, wherein there are a plurality of 
pressure tubes. 

15 

15. A system according to Claim 14, wherein the pressure tubes partially 
overlap each other. 

16. A system according to any one of Claims 13 to 15, wherein each 
20 pressure tube is of non-uniform cross-section, having part of the cross-section 

of substantial vertical extent and part of the cross-section of lesser vertical 
extent. 

17. A system according to any one of Claims 13 to 16, wherein each 
25 pressure tube is provided with a vent hole. 

18. A system according to any one of Claims 5 to 17, wherein the 
deformable part of the element is formed of a deformable foam material. 
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19. A system according to Claim 18, wherein the element incorporates a 
substantially rigid beam, the foam being mounted to the beam. 

5 20. A system according to any one of Claims 5 to 19, wherein the element is 
provided with at least one contact sensor, the detector including a logic 
arrangement so that said output signal is generated only when an output is 
provided by the evaluator and an output is provided by the said contact sensor. 



10 21. A system according to any one of Claims 5 to 20, wherein said at least 
one parameter comprises the thickness of the deformable part of the element, 
the deformable part of the element being of non-uniform thickness. 



22. A system according to Claim 21, wherein the arrangement to measure 
15 said at least one parameter comprises an arrangement to measure the point of 
impact and to determine the thickness of the said element in accordance with 
the point of impact. 



23. A system according to Claim 22, as dependent upon Claim 7, wherein 
20 the means to measure the position of impact comprise an arrangement to 
compare the accelerations imparted to the two accelerometers, and to perform 
an algorithm. 



24. A system according to Claim 22, as dependent upon Claim 11, wherein 
25 an analyser is provided to analyse signals from different piezo-electric cables to 
determine which cable or combination of cables is providing the signal, to 
determine the point of impact. 
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25. A system according to Claim 22, or dependent upon Claim 14, wherein 
an analyser is provided to analyse signals from different pressure tubes to 
determine which pressure tube or combination of pressure tubes is providing 
the signal, to determine the point of impact. 

5 

26. A system according to any one of Claims 5 to 25, wherein said at least 
one parameter includes temperature and wherein at least one temperature sensor 
is provided to sense temperature. 

10 27. A system according to Claim 26, wherein a plurality of temperature 
sensors are provided. 

28. A system according to Claim 27, as dependent upon Claim 21, wherein 
the identity of the temperature sensor or temperature sensors providing an 

15 output signal used by the evaluator is determined by the means that determine 
the point of impact. 

29. A system according to any one of Claims 5 to 28, wherein the evaluator 
is configured additionally to evaluate a signal indicative of vehicle speed before 

20 the impact, the evaluator being configured to generate said output only when 
the vehicle speed is in excess of a first relatively low threshold and below a 
second relatively high threshold. 

30. A system according to Claim 28, wherein the first threshold is 20 km per 
25 hour and the second threshold is 60 km per hour. 
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